This review manuscript evaluated the magnitude of ESA dose reduction in relation to optimal or suboptimal iron treatment. Optimal iron therapy should allow reduction of ESA dosages, allowing a possible cost saving.
Results: Of the 28 randomized controlled trials identified, seven met the criteria for inclusion in the meta-analysis. Results of random-effects metaanalysis show a statistically significant weighted mean (95% CI) difference of À1733 [À3073, À392] units/week in ESA dose for optimal iron versus suboptimal iron. The weighted average change in ESA dose was a reduction of 23% (range À7% to À55%) attributable to appropriate dosing of intravenous iron. A comparison of intravenous iron versus oral iron/no iron (five trials) showed a greater reduction in ESA dose, although this did not reach statistical significance (weighted mean difference, 95% CI: À2,433 [À5183, 318] units/week). The weighted average change in ESA dose across the five trials was a reduction of 31% (range À8% to À55%).
Conclusion:
Significant reductions in ESA dosing may be achieved with optimal intravenous iron usage in the haemodialysis population, and suboptimal iron use may require higher ESA dosing to manage anaemia.
Iron deficiency anaemia is common in patients with chronic kidney disease (CKD), and this may be exacerbated by the use of erythropoiesis-stimulating agents (ESAs). 1 Patients with CKD requiring haemodialysis (HD) are at increased risk of iron deficiency anaemia as they are subject to repeated blood loss due to retention of blood in the dialyser and blood lines, frequent blood sampling for laboratory testing, and blood loss from surgical procedures, as well as reduced iron absorption due to inflammation and hepcidin upregulation, exacerbated by concomitant medications such as gastric acid inhibitors and phosphate binders. 2, 3 There have been recent concerns around the toxicity of injectable ESAs (thromboembolic events and recurrent malignancies), which could be related to higher dosages of ESA used and consequently increased circulating blood levels of the ESA, rather than the target haemoglobin achieved. 4 Moreover, iron deficiency is a common cause of hyporesponsiveness to ESAs, whether it is absolute or functional in nature. Beyond this, there has been a call for more conservative dosing strategies 5 due to concerns with ESA-associated cardiovascular morbidity. [6] [7] [8] [9] As such, international treatment guidelines [10] [11] [12] [13] strongly recommend the monitoring of iron status and the treatment of iron deficiency with intravenous (IV) iron ± ESA in patients undergoing chronic HD. Although it is generally accepted that the treatment of iron deficiency with IV iron allows a reduction in ESA dose, quantification of the magnitude of the reduction is challenging, because of heterogeneity in study designs that could allow this assessment. Three systematic reviews of the use of IV iron in patients with CKD have been identified in the medical literature. In 2008, Rozen-Zvi et al. assessed trials of IV iron versus oral iron in patients with CKD, including those undergoing dialysis. 14 The same group have recently repeated this exercise in the light of more recent literature. 15 A Cochrane review comparing IV iron with oral iron in adults and children with CKD was published in 2012, 1 and a separate meta-analysis was published in 2014 to assess the safety and efficacy of IV iron in HD patients with functional iron deficiency. 16 The percentage reduction in ESA dose from baseline, however, was not reported in any of these reviews. The aim of this meta-analysis was to evaluate the magnitude of the effect (reduction) on ESA dosing when IV iron doses, (consistent with the Kidney Disease Improving Global Outcomes (KDIGO) guidelines), were administered in an adult HD population.
METHODS

Search strategy
A meta-analysis of the available literature was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. 17 Published studies indexed in MEDLINE, Embase and the Cochrane Collaboration Central Register of Clinical Trials, Cochrane database of Systematic Reviews and Cochrane Database of Reviews of Effect were searched from inception to December 2014 using the search strategy described in Appendix I. A manual search for additional studies using references from retrieved articles was also performed.
Inclusion criteria
A systematic literature review was performed to identify randomized controlled trials (RCTs) investigating the efficacy and safety of IV iron, in conjunction with an ESA, in patients undergoing HD for end-stage kidney failure. The participants, interventions, comparators, outcomes and study design (PICOS) approach was used. The complete PICOS inclusion and exclusion criteria are reported in Table 1 . Adult patients undergoing HD were included regardless of gender, or race, provided that they were treated with IV iron in conjunction with an ESA. Study eligibility was independently determined by two consultants from Commercial Eyes Pty Ltd. Differing decisions were resolved by mutual consensus.
Study validity assessment
The methodological quality of each study was assessed using the Cochrane Handbook for Systematic Reviews of Interventions. 18 The presence of bias was assessed by using the 'risk of bias' table (Results).
Data extraction
After application of the PICOS criteria, a standardized data collection form was used to record the following information: last name of the first author, year of publication, study design, duration of follow up, baseline iron studies, sample size, intervention, target iron indices, ESA dose and outcomes measured. A feasibility assessment was subsequently performed to determine which trials could be included in a meta-analysis. A subset of trials was excluded because of populations, outcomes or interventions that were not amenable to quantitative comparison. 
Statistical analysis
Review Manager 5.2 software (RevMan) from the Cochrane Collaboration (Oxford, UK) was used for data analysis. The mean and standard deviation of the baseline and endpoint values were entered into RevMan, and meta-estimates were generated. Standard deviations were estimated from standard errors where necessary, using the RevMan internal calculators. This provided the meta-estimate for the mean difference (MD) or standardized mean difference between the intervention and control arms, as well as a 95% confidence interval (CI), a forest plot and a test for overall homogeneity. Heterogeneity between studies was measured using the I 2 statistic.
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RESULTS
The search strategy yielded 208 potentially relevant articles. Of these, 58 were duplicate records, leaving 150 citations for assessment. After application of the PICOS criteria described in Table 1 , 23 met the criteria for inclusion in the systematic literature review ( Fig. 1 ). Studies were excluded because they were not RCTs, did not include the population, intervention or outcome of interest or were proceedings abstracts, guidelines or reviews, or not written in English. There were no unresolved conflicts in the review process in terms of studies included or excluded.
Feasibility assessment
A feasibility assessment of the 23 studies was subsequently conducted, for inclusion in a meta-analysis. As the primary aim of the meta-analysis was to determine the effect of IV iron on ESA dose, studies which mandated that the ESA dose remain fixed throughout were clearly unable to inform the primary research question. Hence, a total of 12 studies were excluded from the analysis because they did not allow a reduction in ESA dose, with the exception of a reduction for safety reasons only. An additional study was excluded because it was an observational extension to one of the preceding 12 studies. The remaining 10 studies assessed in the feasibility review had variable protocols for dosing both IV iron and ESA therapy. Studies which compared anaemia management protocols, and/or included IV iron in both treatment arms, could only be included if there was a meaningful difference in the dose of IV iron delivered to each group across the study duration. Accordingly, three further studies were excluded from the analysis. Table 2 describes the detailed characteristics of the seven included studies. 
IV iron and ESAs in haemodialysis
Assessment of quality of included studies A summary of the measures taken to minimize bias across the included studies is presented in Table 3 . Although all studies reported that randomization had taken place, few provided details on the method used. Almost all studies were open-label; however, as the primary outcomes in most cases were laboratory variables (iron indices and other clinical parameters), the risk of bias from this feature is low. Almost half the studies did not use intention-to-treat analysis methods, with these studies reporting data only for patients who completed the treatment protocol; a high potential for bias could result.
Effect of IV iron on erythropoiesis-stimulating agent dose
The intervention arms from the RCTs were categorized as optimal (100-200 mg IV iron per week) and suboptimal (lower dose IV iron (<100 mg/week)), with respect to IV iron supplementation. Where both arms of the trial received IV iron (e.g. according to different protocols), the treatment arm receiving the highest dose of iron was considered to be the 'optimal' arm. The results of the oral iron and no iron arms of Macdougall 1996 were pooled for the comparison of optimal iron and suboptimal iron. 26 All included studies used epoetin alfa as the ESA; however, the searches were not limited by the type of ESA. ITT, intention to treat; NS, not specified; PP, per protocol.
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Results of random-effects meta-analysis showed a statistically significant weighted mean (95% CI) difference of À1733 (À3073, À392) units (U)/week in ESA dose at endpoint in favour of optimal iron (Fig. 2) . A simple weighted average of the difference for the change from baseline indicates that this difference represents a 23% dose reduction for optimal iron versus suboptimal iron prescription.
Limiting the analysis to the four RCTs of IV iron versus oral iron provides a weighted mean (95% CI) difference of À2344 (À5292, 604) U/week in ESA dose, which did not reach statistical significance, although the point estimate favours IV iron (Fig. 3) . A simple weighted average of the difference for the change from baseline indicates that this difference represents a 31% dose reduction for optimal iron versus suboptimal iron.
Combining the oral iron and no iron arms of Macdougall 1996 26 into the previous analysis had minimal impact: a weighted mean (95% CI) difference of À2433 [À5183, 318] U/week in ESA dose (Fig. 4) . This trial did not present baseline data, and therefore, a percentage reduction from baseline could not be calculated for this comparison, although it may be concluded that it falls within the range of 23% to 31% based on previous estimates. The weighted average change in ESA dose across the six included studies with baseline data was a reduction of 23% (range À7% to À55%) attributable to appropriate dosing of IV iron (Table 4) .
Effect of IV iron on ferritin
Whilst transferrin saturation (TSAT) was not analyzed as part of this meta-analysis, improvements in serum ferritin levels were observed for the optimal dose group with a mean difference of 231.3 ng/mL (À31.5, 494.1) and 420.9 ng/mL (175.6, 666.2) when compared with suboptimal iron dosing or oral iron/no iron, respectively.
DISCUSSION
This meta-analysis suggests that the use of optimal IV iron can reduce ESA requirements by 23% when compared with suboptimal IV iron usage in adult HD patients. The magnitude of reduction is more profound when IV iron is compared to oral iron or no concomitant iron use, with a 31% reduction observed. These findings equate to a potential reduction in ESA dose of between 1733 and 2343 U/week of epoetin alfa or equivalent. The meta-estimates of the comparison between optimal and suboptimal dosing were statistically significant in favour of optimal dosing. The comparison between IV iron and oral/no iron did not reach statistical significance, likely due to the reduced power of the smaller pooled sample size, although the direction of effect continued to favour IV iron.
Optimal iron dosing is also associated with improvements in iron indices. The 2012 KDIGO guidelines state that if an increase in haemoglobin and/or a reduction in ESA therapy is desired, then the evidence supports giving IV iron when the TSAT ≤30% and ferritin ≤500 ng/mL. 10 Although studies in this meta-analysis were completed prior to the introduction of these guidelines, in general, the 'optimal' dosing arms are consistent with the KDIGO guidelines as they now exist. TSAT was not examined, but serum ferritin increased. In patients undergoing HD, it is estimated that iron losses are~1000-2000 mg/year and possibly as great as Fig. 2 Forest plot of meta-analysis of ESA dose at endpoint, optimal versus suboptimal iron. Based on all seven included studies. [20] [21] [22] [23] [24] [25] [26] Optimal iron: intravenous iron used within a protocol consistent with KDIGO, treat to target with 100 to 200 mg/week; suboptimal iron: oral iron, no iron or lower dose intravenous iron (<100 mg IV iron per week). Based on four studies of IV iron versus oral iron. 22, [24] [25] [26] Optimal iron: intravenous iron used within a protocol consistent with KDIGO, treat to target with 100 to 200 mg/week; suboptimal iron: oral iron, no iron or lower dose intravenous iron (<100 mg IV iron per week). Fig. 4 Forest plot of meta-analysis of ESA dose at endpoint, IV versus oral Iron/ no iron. Based on four studies of IV iron versus oral/no iron. 22, [24] [25] [26] Optimal iron:
intravenous iron used within a protocol consistent with KDIGO, treat to target with 100 to 200 mg/week; suboptimal iron: oral iron, no iron or lower dose intravenous iron (<100 mg IV iron per week).
8000 mg/year. 27, 28 Because of dietary restrictions and increased hepcidin levels the amount of iron that HD patients receive (from dietary sources) is likely to be less than 50 mg/month, resulting in an iron deficiency. Patients from studies included in this meta-analysis were iron-deficient at commencement and therefore required higher doses, that is, 100-200 mg iron a week, to address the ongoing losses as well as to replete stores. These doses have been termed 'optimal' in our report. After repletion of the initial iron deficit, lower doses and/or less frequent administration of iron may be appropriate to maintain optimal iron parameters (i.e. serum ferritin and TSAT). Therefore, while currently available data limit knowledge of optimal concomitant IV iron and ESA dose, this analysis suggests that initial doses of~100-200 mg IV iron per week (when used in combination with minimized ESA dosing) permits correction of anaemia. Post-repletion of iron stores, the optimal monthly IV iron dosing, could be envisaged to decrease to levels of approximately 100-200 mg/month, consistent with the yearly losses, to maintain serum ferritin and TSAT levels within targets as set by KDIGO guidelines. Several strategies exist for IV iron delivery, including multiple low doses potentially with dosing during each dialysis (e.g. 10-50 mg iron with each session), single weekly doses (of 100-200 mg iron) or even larger doses on a monthly or possibly quarterly basis (i.e. 500-1000 mg iron). The doses vary significantly between institutes, although the frequency is usually aligned with dialysis sessions.
In relation to ESA usage, KDIGO recommends that ESA therapy should not be used to maintain a haemoglobin above 11.5 g/dL, and not to intentionally increase the haemoglobin above 13.0 g/dL. 10 Across the included studies, optimal iron was associated with a significant improvement in haemoglobin/haematocrit when compared with suboptimal iron. Previous systematic reviews 1,14-16 have reported on both efficacy and safety of IV iron in both dialysis and non-dialysis CKD patients. These studies had similar findings and observed decreased ESA requirements when concomitant IV iron was administered. Avni et al. in a meta-analysis not restricted to CKD patients did not find that intravenous iron was associated with increased rates of serious adverse events or infections. 29 Susantitaphong et al. presented an exploratory analysis restricted to two RCTs of IV iron (359 analyzable patients) indicating IV iron therapy was not associated with an increased incidence of any adverse event (RR = 0.88; 95% CI: 0.72-1.08; P = 0.23). 16 Additionally, IV iron resulted in significant increases in haemoglobin of 0.54 g/dL (95% CI: 0.32-0.75 g/dL; P < 0.001), haematocrit of 1.45% (95% CI: 0.05-2.84%; P = 0.04), serum ferritin level of 126 ng/mL (95% CI: 63-190 ng/mL; P < 0.001), TSAT of 9.6% (95% CI: 6.9-12.2%; P < 0.001). Results of randomeffects meta-analysis of single arm studies, and arms from RCTs (22 studies, 2147 patients) indicated a mean change in EPO dose of À1,428 (95% CI: À2511, À345; P = 0.01) U/week. Limiting the analysis to RCTs (two studies, 224 patients) provided a non-significant result: mean change in EPO dose of À4,850 (95% CI: À13,113, 3,142; P = 0.25) U/week. The review by Rozen-Zvi et al. 14 concluded that compared with oral iron, there was a significantly greater haemoglobin concentration in dialysis patients treated with IV iron (weighted mean difference, 0.83 g/dL; 95% CI: 0.09 to 1.57). Meta-regression showed a positive association between haemoglobin level increase and IV iron dose administered and a negative association with baseline haemoglobin concentration. Data for all-cause mortality (pooled data for dialysis and CKD patients) were sparse, but no difference was noted (RR = 0.28; 95% CI: 0.02-5.22), and there was no difference in adverse events between the IV-treated and oral-treated patients (RR = 0.80; 95% CI: 0. The meta-estimate presented in this report provides a mean difference in ESA dose which is also directly applicable to the costs incurred in managing uraemic anaemia, whether in developed or under-developed healthcare systems. Intravenous iron may also aid with overcoming ESA resistance that has been observed when an ESA has been used without concomitant IV iron. Furthermore, the reduction in ESA dose may reduce the risk of known ESA-related adverse effects (thromboembolic risk, strokes and recurrent neoplasia) that have been observed, especially with more aggressive ESA dosing to attempt to achieve higher target haemoglobin concentrations. 8 A number of limitations of the current study should be noted. There was high heterogeneity between the pooled studies, in terms of effect size, as shown by the high I 2 , as well as heterogeneous treatment protocols between the included RCTs. The studies generally had a high risk of bias (as seen in the quality assessment). The sample sizes of the included RCTs were relatively small, and the search was limited to English language studies only. Additionally, the inclusion of older studies, not aligned with KDIGO guidelines and/or having protocoldriven ESA dosing, may further decrease the external validity of the pooled result.
In conclusion, this meta-analysis demonstrates that significant reductions in ESA dosing may be achieved with optimal IV iron usage in the HD population being concurrently treated with ESAs. In addition, suboptimal iron use may require undesirably higher ESA dosing to manage anaemia. The optimal balance between ESA dosing and IV iron dosing remains unclear pending data on the long-term safety of IV iron, administered at higher dosages. This may be clarified by the largest RCT of intravenous iron in HD patients (PIVOTAL). 30 It is an eventdriven trial comparing the incidence of hard clinical endpoints of death, heart attack, stroke and heart failure in over 2000 patients randomized to either a proactive regimen of 400 mg IV iron sucrose per month (with a safety cut-off) or a minimalistic approach to IV iron (aiming to keep the serum ferritin just above 200 ng/mL and TSAT >20%). One of the secondary endpoints in this trial is the relative ESA dose requirements in the two arms over the 2-4 years period of follow up. At the present time, however, we do know that the use of higher amounts of IV iron supplementation in dialysis patients allows lower doses of ESA therapy to be used, which could potentially have positive effects on thromboembolic risk, assuming that there are no negative effects from IV iron using this approach.
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